To determine whether the cpcBA, ho and pcyA gene cassettes had integrated in 153 these selected transformants, gDNA were extracted from them and southern 154 blotting was performed. The complete cpcBA, ho and pcyA sequences were 155 amplified by high-fidelity DNA polymerase to be used as the probes.
157
Genomic DNA from both of transgenic lines PC and PCHP was digested with both 158 of these two group restriction enzymes ApaI/SalI and EcoRI/SacI. As shown in the The southern blot analysis was carried out using probes of cpcBA, pcyA and ho, 174 respectively. The samples were gDNA derived from cc849, PC and PCHP. Wherein Fluorescence emission spectra at 77 K 179 180 In order to determine the optical activity of recombinant phycocyanin and the effect 181 on the photosystem of C. reinhardtii, the tranformed strains of PC, PCHP and the 182 control cc849 cultured under 25 μmol photon m -2 s -1 (low-light) and 50 μmol 183 photon m -2 s -1 (high-light) were used to measure low-temperature fluorescence emission spectra at excitation of 435 nm (for Chlorophyll a) and 580 nm (for phycocyanin). As shown in Fig. 3 , after excitation at 435 nm, PC and PCHP showed 186 a fluorescence emission peak at 670 nm that was not found in cc849. In low-light 187 experiment, PCHP's peak at 670 nm is higher than PC (p=2.4111E-25), and its higher than that of the control cc849 (p=1.95662E-47 and 1.87227E-67), and the 197 peak of PC is higher than that of PCHP (p=0.008629299), but the difference 198 between these two transgenic lines was not as significant as that in low light in PCHP decreased on the 9 th day (Fig. 4D ). In addition, the transcription levels of 244 ho and pcyA in PCHP increased first and then decreased slightly, but in general, the 245 expression level remained at a high level all the time. (Fig. 4E, 4F ). were measured and recorded simultaneously. In the low-light experiment, on the 305 2 nd day, the ETRPS I of PC and PCHP was similar in value (p= 0.538921) and higher 306 than that of the control cc849 (p=0.015745 and 0.049245) (Fig. 6A ). On the 4 th day, 307 the ETRPS I of the PC and the cc849 were almost the same (p= 0.65474), while that 308 of the PCHP was lower than them (p= 0.028189 and 0.046256) (Fig. 6B ). On the remained higher than PCHP and cc849 (p=0.014856 and 0.047848) (Fig. 6C) . On 311 the 8 th day, the ETRPS I of PC, cc849 and PCHP were successively decremented (p= 312 0.041302 and 0.001572) (Fig. 6D) . Generally speaking the ETRPS I of PC always 313 remained at a relatively high level, while the ETRPS I of PCHP was higher than 314 cc849 only in the first two days and lower than cc849 in the latter. For ETRPSII, PCHP and PC was higher than cc849 on the 2 nd day (p= 0.012463 and 322 0.026164) (Fig. 7A ). On the 4 th day, the ETRPS II of cc849 was higher than that of 323 PCHP and PC (p= 0.0495761 and 0.014351) (Fig. 7B ), but the difference was not 324 significant. And then on the 6 th day, ETRPS II of PC were higher than that of cc849 325 and PCHP (p= 0.041116 and 0.035448) (Fig. 7C ). On the 8 th day, ETRPS II of these 326 three strains were about the same size (p= 0.857638, 0.970591 and 0.653982) ( Fig.   327 7D). On the whole, the ETRPS II was also affected by the recombinant phycocyanin, At the same time, in the high-light experiment, ETRPS I of PC and PCHP are higher 342 than cc849 on the 2 nd day (p= 0.042833 and 0.033793) (Fig. 8A) . But on the 4 th 343 day, ETRPS I of cc849 was higher than that of PC and PCHP (p= 0.005064 and 344 0.003692) (Fig. 8B) . And then on the 6 th day, PCHP was the highest in the curve of 345 ETRPS I (p= 0.028004 and 0.015244) (Fig. 8C ). ETRPS I of PC was higher than 346 cc849 and PCHP on the 8 th day (p= 0.01271 and 0.049476) (Fig. 8D ). In the high- While for ETRPS II, at high light intensity, phycocyanin showed little effect. On the 355 2 nd day, these three strains had almost the same ETRPS II (p= 0.768031, 0.79641 and 356 0.886925) ( Fig. 9A ). On the 4 th day, the ETRPS II of cc849 is even higher than PC 357 and PCHP (p= 0.048283 and 0.0340475) ( Fig. 9B ). From the 6 th to 8 th day, ETRPS 358 II of the three strains are similar, and the differences were not significant ( Fig. 9C   359 and 9D). In general, at high light intensity, effect of recombinant phycocyanin on 360 the photosynthesis was not obviously. To investigate whether transgenic strains can grow faster and/or accumulate more 378 biomass than the control strain cc849, the biomass of C. reinhardtii was recorded 379 by measuring OD750nm daily in a 10-day experiment and made a curve. As shown 380 in Fig. 10 , in the first 3 days, the cell density of PCHP in the low-light experiment 381 was initially greater than that of the PC and cc849 (p= 0.000283 and 0.000416).
382
However, PCHP entered the stationary phase on the 3 rd day, while the latter two 383 strains had longer exponential phase till the 4 th day. It is particularly interesting, 384 compared to PCHP, which maintained a stable cell density, the density of PC and 385 cc849 dropped sharply on the 7 th day after maintaining a short-term stability for 3 386 days, followed by a slight increase on the 8 th day, and remained stable until the 10 th 387 day. This may be due to the exhaustion of the carbon source in the medium, which 388 results in the cells being able to obtain carbon only through photosynthesis. And 389 photosynthesis in low-light conditions could not provide enough light energy for 390 cells to sustain vigorous growth and limit cell growth. After the 4 th day, the cell density of PC and cc849 was always greater than that of PCHP (p= 3.91159E-06 392 and 0.000512). While the density of PC is slightly larger than cc849 (p= 3.91159E-393 06), which may be due to the more energy captured by the recombinant 394 phycocyanin in strain PC. In the final stationary phase, the densities of PC and 395 PCHP were 107% and 91.2% of cc849, respectively. Dry weight measurements 396 also showed that biomass of PC was slightly higher than that of cc849 without a 397 significant difference (p= 0.175446), but both of them were higher than PCHP (p= 
405
On the other hand, in the high-light experiment, the three lines grew at a similar 406 rate at the beginning of the exponential phase. However, after entering the 407 stationary phase at the 3 rd day, the cell densities of PC and PCHP were 3.3% and 408 19.1% lower than cc849, respectively. The dry weight of PC is not much different 409 from that of cc849 (p= 0.426844), while PCHP is 45.3% lower than the control (p= 410 0.01951). This may indicate that sufficient light allows the control strain to reach 411 the growth limit, and in this situation, the effect of phycocyanin does not fully 
